The European Union has recently introduced the 'circular economy' as a high-level strategy to move our societies beyond the limits to growth. In the eyes of European policy makers, we will reach a circular economy through business innovation or the promotion of existing sustainable business models based on circular economy principles. Yet, we know next to nothing about how European businesses perceive or take up this strategy and whether it contributes to business innovation or the promotion of sustainable business models. To fill this gap, this paper analyses the business community's view on the circular economy. It focuses on the bio-based sector as one of the most resource-intensive in Europe and scrutinizes EU level debates as well as business practices in Germany. Based on a document analysis and participant observation data, the results show that business stakeholders currently relate the circular economy predominantly to established practices and to technological business models. This leaves considerable room for innovation in areas like social or organizational business models. Yet, the directions and effects of current activities remain uncertain. Connecting the debates about the circular economy and the bioeconomy could benefit the discussion of these possible directions and their effects. As our results show, exploring the relation between the circular economy and the bioeconomy highlights the need to define which cycles contribute most to a sustainable future economy. Existing guidelines and standards developed for businesses have been criticized for lacking exactly this definition. Hence, strengthening the link between circular economy and bioeconomy debates may provide a crucial step towards defining the sustainability of the circular economy, thereby setting clear priorities for sustainable business practices.
Introduction
Given growing resource consumption worldwide, political, industry and civil society organizations are increasingly discussing solutions to the resource 'limits to growth' (Meadows, Meadows, Randers, & Behrens III, 1974) . In the European Union, the 'circular economy' has been introduced as a high-level strategy to move our societies beyond these limits (European Commisssion, 2015) . In the eyes of European policy makers, the European business community plays a crucial role in this process. Scholarly work and political programs assume that businesses will take up political ideas and apply new business models and practices based on circular economy principles, thus moving our societies to a circular economy (Geissdoerfer et al., 2017) . This assumption has yet to be scrutinized empirically. We know very little about how the business community takes up the circular economy as a potential strategy and whether and how debates and initiatives towards a circular economy contribute to business innovation.
The bio-based sector, as one of the largest producers and consumers of natural resources in Europe, has become a vocal sector in the context of the circular economy eparticularly in Northern and Western Europe (Bio-based Industries Consortium, 2015) . Despite its relative importance to the European economy, evidence on the impact of the bio-based sector on the circular economy is still residual. A Google Scholar search for the term "circular" combined with "biobased"/"bio-based" or "bioeconomy"/"bio-economy" in the title delivers five/three or fourteen/one results, respectively. Considering the importance given to business activities in political and academic debates, our objective is to empirically scrutinize the widespread assumption that businesses will take up the concept of a circular economy and act upon it. The results help to understand which circular economy ideas bio-based businesses adopt and implement and which remain underdeveloped. This contributes to a better understanding of businesses' perceptions, uptake and implementation of this concept, which is necessary for further policy development towards a circular economy. By focusing on the perspective of the bio-based sector, this paper also aims to integrate the scientific debates on the circular economy and those of the bioeconomy, which have remained largely disconnected so far. To do so, we ask:
(1) What definitions, principles and scopes do bio-based businesses connect to the circular economy? (2) How do bio-based businesses connect the circular economy to their self-understanding and activities? (3) What business models do stakeholders relate to a circular economy and what innovation potential exists?
To answer these questions, the paper analyzes the uptake of political discussions about a circular economy by business representatives in the bio-based sector in Europe and Germany. As the bio-based sector is by no means a uniform term in the literature (Bugge et al., 2016) nor among stakeholders, and is often used synonymously with the term bio-economy, this paper applies a perception-based definition. The bio-based sector is characterized based on encompassing businesses and associations that selfidentify as bio-based or bioeconomy. The actors included range from businesses turning natural resources into primary goods to businesses creating and marketing consumer goods. Stakeholder documents that use the term bio-based or bioeconomy and refer to the circular economy stretch across biotechnology businesses, manufacturers relying on biomass, and agricultural and forestry operators (Bio-based Industries Consortium, 2015) . Taking this broad understanding into account, a recent study estimates the use of 2 billion tons of materials in the EU bio-based sector, generating about V 2.4 billion turnover each year (Scarlat et al., 2015) . Germany has been selected as a specific case as it is one of the few countries in Europe that particularly supports the bio-based sector through a "bioeconomy" strategy (Bundesministerium für Ern€ ahrung und Landwirtschaft, 2014) . Furthermore, the German translation of circular economy, Kreislaufwirtschaft, has been informing German business debates and practices since the 1980s (Wagner, 1995) . Based on this situation, one would expect the biobased business community in Germany to be a frontrunner in the uptake of the circular economy. This analysis scrutinizes this hypothesis, using a qualitative content analysis of stakeholder debates in the German and European bio-based sectors. The results are not meant to be conclusive, but to provide an overview of where 'hotspots' of definitions and activities lie. To this end, the paper explores critical aspects relating the circular economy to the activities of the bio-based sector.
2. Theoretical background: definition, scope and business practices of a circular economy and relation to the bio(based)-economy So far, specific scientific literature on business engagement for a circular economy in the bio-based sector does not exist. Thus, we reviewed the most closely related topics and theoretical approaches to analyze the uptake of circular economy by bio-based businesses, including literature on approaches that analyze business engagement on sustainable business models. The literature has been collected based on a Google Scholar search for the terms "circular" and "business" combined with "biobased"/"bio-based" or "bioeconomy"/"bio-economy" in the title. Subsequently, the article's references were used to identify further relevant literature.
Although the EU Circular Economy Action Plan (European Commission, 2015) puts the circular economy high up on the EU political agenda, analyses on the societal perception, uptake and implementation of the circular economy do not exist. At the same time, a number of studies argue that businesses should engage in the promotion of a circular economy (e.g. Gregson et al., 2015; Tukker, 2015; Witjes and Lozano, 2016) , but these mainly focus on waste management or recycling. Although some scholars, like Murray et al. (2016) , argue that one of the core ideas of a circular economy is to "mimic" biological processes through technological systems, most authors leave out the bio-based sector and focus on the circularity of plastics, minerals, metals, or construction waste (see Geissdoerfer et al., 2017) . One explanation may be the popular butterfly graph on the circular economy introduced by the Ellen McArthur Foundation in 2013. This graph makes a clear separation of the "technosphere" and the "biosphere" in the circular economy. Many scholars and stakeholders using this graph, so far, focus on the technosphere. Another explanation may be that only since the late 2000s have the terms bio-based and bioeconomy been discussed by academics, politicians, businesses and civil society; "there seems to be little consensus concerning what the bioeconomy actually implies" (Bugge et al., 2016) .
Given the broad variety of definitions of a circular economy found in the literature, the question arises how businesses can engage in meaningful circular economy initiatives. Searching for conceptual and theoretical approaches that may help to find answers to this question in the business literature, one finds an emerging conceptual literature (Hobson and Lynch, 2016; Witjes and Lozano, 2016) . Despite this conceptual focus, what a circular economy is and how it differs from other concepts often remains blurry. Of the seventeen papers that cover business models and practices of a circular economy, only half provide a definition of circular economy. The terms "bio-based" or "bioeconomy" do not appear. They are at best indirectly covered by concepts like biological nutrients (Bocken et al., 2014; Roos, 2014) or an emphasis on biodegradable substances (Bocken et al., 2014; Lacy et al., 2014) and the replacement of fossil resources with renewables in circular business models and practices (Lacy et al., 2014; Romero and Molina, 2012) . At the same time, most papers establish a clear link between the circular economy and sustainability. Sustainability is seen as the ultimate goal of business engagement in a circular economy for two reasons. It is seen as a necessary business response to global environmental change (Bocken et al., 2014) and as a business opportunity in an era of dwindling resources (Park et al., 2010) . In terms of the business engagement needed to move to a sustainable circular economy, business scholars put much less emphasis on technological advancements than the engineering literature does. Instead, a strong focus is on the strategic, logistical and political aspects of doing business (e.g. Deborah Andrews, 2015; Park et al., 2010; Planing, 2014; Preston, 2012; Tukker, 2015; Witjes and Lozano, 2016) . Consequently, waste management is considered less important than product design (Andrews, 2015; Lieder and Rashid, 2016; Park et al., 2010) , (reverse) logistics, supply chain management (Park et al., 2010) , business planning and strategy (Lacy et al., 2014) , and business collaboration (Bocken et al., 2014) . In addition, authors highlight dematerialization strategies such as pay per use, leasing, refurbishment (Park et al., 2010; Sugawara and Nikaido, 2014; Tukker, 2015) , reduced consumption (Ying & Li-jun, 2012) , and the extension of product lives (Lacy et al., 2014) . Finally, some authors argue that we need new business and policy paradigms (Preston, 2012; Ying & Li-jun, 2012) to realize a circular economy.
Based on this broad conceptual variety regarding the definitions, scopes and business practices of a circular economy and its relation to the bio(based)-economy (Bugge et al., 2016; Geissdoerfer et al., 2017) , this research takes an interpretive perspective (Yanow, 1999) . Rather than pre-defining what the two terms (could) mean, it focuses on the definitions and scopes of a "circular economy" by industry stakeholders that identify themselves with the term "bio-based" or "bioeconomy" in Europe and Germany, respectively. In order to obtain a systematic overview of the breadth of business perspectives, we adopt (a) principles of the circular economy derived from the scholarly literature (Geissdoerfer et al., 2017; Ghisellini et al., 2016) and (b) sustainable business model archetypes (Bocken et al., 2014) as theoretical frameworks that guide our analysis (Fig. 1) . The circular economy principles serve to analyze which understandings of a circular economy are taken up by businesses and which remain underdeveloped. The business model archetypes serve the categorization of business practices described by stakeholders and the exploration of whether and how debates and initiatives towards a circular economy contribute to business innovation.
Material and methods

Data collection
The paper draws upon 45 stakeholder documents divided into two sets (see Appendix 1 and 2). The first set of documents was produced by 15 stakeholders who identify with the terms biobased or bioeconomy and refer to the circular economy in the EU or Germany (Appendix 1). Stakeholders include the policy makers who have produced the core strategies on the EU level and in Germany, as well as business associations, business networks and individual companies operating at the EU or German levels who identify with the terms bio-based or bioeconomy and refer to the circular economy. The documents were collected from September to December 2016 using the search engines Google and DuckDuckGo (to control for Google's personalized algorithms), searching for "circular economy", "bio-based/biobased", and "bioeconomy/bioeconomy", as well as the equivalent German terms "Kreislaufwirtschaft", "Bio€ okonomie/Bio-€ Okonomie", and "biobasiert/biobasiert". To keep the document data up to date, the online keyword search was repeated in November 2017. The resulting webpages and documents were scanned for additional reports produced directly by business associations or individual enterprises. This data set includes documents from policy and/or business stakeholders that have a sufficient length for analysis. Documents or web pages that just describe conferences (e.g. on bio-products or waste management) or contain less than 500 words were excluded. Also, the sample only includes primary sources of stakeholders. Newspaper articles, blogs or websites of media outlets were excluded, as they do not represent an unfiltered business perspective. Furthermore, documents published in German by European Associations were excluded from the sample to avoid a bias of German-language documents for the analysis of the EU-level perspectives. The second set of documents was produced through the same keyword search, with an additional scanning process that includes documents from other stakeholder groups, e.g., government bodies or NGOs (Appendix 2). This data aids the understanding and contextualization of the analysis (see section 3.2.) of the first set of documents.
Building on the results of this sampling procedure, a snowball approach was used to identify relevant meetings and conferences where participant observation data could be collected (Flick, 2014; Spicker, 2007) . These include the annual meetings of the German business networks Kooperationsnetzwerk Bioplastik, Kooperationsnetzwerk Waste2Value and Kooperationsnetzwerk WiProNA in 2016, the World Circular Economy Forum in Helsinki in 2017, and the CommBeBiz Communication Workshop during the Biotech Week in Brussels in 2017. Furthermore, data previously collected at the German Cradle to Cradle Congress 2015 were included in the sample if they contained the above-mentioned search terms. The documents identified through this process were then added to the respective dataset described above. The data generated for the EU level and for Germany are not meant to be compared but to provide an overview of the debates on the circular economy, on the European level and an exemplary case of one member state. Fig. 1 gives an overview of the specific research design, including data, frameworks and methods, leading to the structure of the results. To achieve the research aim, a qualitative content analysis of the document data was conducted. Qualitative content analysis is a method used to analyze communication in a theory-guided, systematic manner, with the goal of inferring significant aspects of communication (Mayring, 2000) . It has been successfully employed in similar research topics (Homrich et al., 2017; Seuring and Müller, 2008) . The data was analyzed manually, using deductive categories derived from (a) the circular economy principles identified in the scientific literature (Geissdoerfer et al., 2017; Ghisellini et al., 2016; Stahel, 2016) and (b) business model archetypes (Bocken et al., 2014) . While the circular economy principles are used to systematize the understandings of the circular economy among stakeholders, the sustainable business model archetypes (Bocken et al., 2014) are used to categorize and contextualize business practices described by stakeholders (see Fig. 1 ). As the analyzed documents diverge strongly in focus and level of detail, the analysis did not only search for the exact terms used to describe the circular economy principles in the literature but also indirect descriptions of these principles. For instance, the Bioplastic Feedstock Alliance (2015) describes the stewardship principle by arguing that the bioplastic and biomaterial industries need to set "a high bar for production of feedstock" (p.8) to enforce stewardship over biological feedstock. In addition, inductive coding was used (Thomas, 2003) to identify different definitions, scopes and business practices connected to the circular economy. Here, participant observation data was used to contextualize, interpret and verify the relevance of knowledge gained from the documents and to find new information (e.g. other business models not mentioned in documents) (DeWalt and DeWalt, 2002; Mills et al., 2010) . The analysis is not meant to be conclusive but aims to give an overview of where hotspots of definitions and activities lie.
Data analysis
Results
Definitions, scopes and principles identified by EU & German stakeholders
As many scholars of circular economy assume that political programs spread the concept to the business community, it is crucial to understand what principles and scopes of a circular economy are promoted in the core political documents on the EU level and in Germany. Therefore, this section first summarizes the major definitions and scopes of the circular economy developed by the EU Circular Economy Action Plan (European Commisssion, 2015) and by the German Bioeconomy Strategy (Bundesministerium für Ern€ ahrung und Landwirtschaft, 2014) before it moves on to the definitions, scopes and principles emphasized by EU & German bio-based businesses. The results are presented in detail in Tables 1 and 2 .
European policy makers provided a particular push on the debate about a circular economy through the EU Circular Economy Action Plan in 2015 (European Commisssion, 2015) . The Plan aims to create an economy "where the value of products, materials and resources is maintained in the economy for as long as possible, and the generation of waste minimized" (European Commisssion, 2015, p. 2) . Overall, the scope of the circular economy is extremely broad, ranging from all fossil-based to all bio-based materials. Circularity is largely connected to industrial scale production and interlinks different sectors. Yet, how this is supposed to look like in practice is not always clear from the Action Plan, especially with respect to the bio-based sector. Although "biomass and food waste" are a priority action area in the Action Plan, the 2017 report on the implementation of the EU Circular Economy Action Plan shows only a very small part on biomass-related actions (European Commission, 2017) . Nevertheless, the Action Plan proposes cascade use, extended producer responsibility, and innovation in processes and materials as major principles for biomass and food-waste related actions.
At the national level, German policy makers were among the first to introduce the concepts of bioeconomy and circular economy (Bundesministerium für Bildung und Forschung (BMBF), 2010). German ministries and advisory councils conceptualized the circular and bioeconomy early as an essential component of a "great transformation" (Schellnhuber et al., 2012) . Although Germany has no specific circular economy strategy, it conceptualizes the bioeconomy and the circular economy as "naturally linked". The respective Bioeconomy Strategy states that "the concept of the bioeconomy is oriented towards natural cycles of materials […] Therefore, bioeconomy is also a resource-efficient circular economy" (Bundesministerium für Ern€ ahrung und Landwirtschaft, 2014, translated from German by author). Although the specific relation between the two terms remains under-explored, the German Bioeconomy strategy identifies priority areas for implementation, including bio-based products, food and feed, industrial biotechnology, and the energetic use of biomass (understood as biofuels) (Bundesministerium für Ern€ ahrung und Landwirtschaft, 2014). In terms of suggestions to address the priority areas, the German bioeconomy strategy is surprisingly similar to the EU Circular Economy Action Plan. It suggests new technologies, processes, services, business models and cross-sectoral coordination. Hence, circularity is largely connected to industrial scale production. The strategy highlights a number of business sectors. Notably, the sectors that are mentioned in the strategy appear to be more vocal on a circular economy, particularly the businesses associated with biotechnology, paper and paperboard, and bioplastics.
After screening the political strategies in the EU and Germany, we can now discuss the perceptions of business stakeholders. Table 1 gives a comprehensive overview of the different definitions and scopes ascribed to the circular economy. It shows that most documents provide more or less explicit definitions. At the same time, the descriptions of scope, particularly the question which 'cycles' the circular economy addresses, are much more implicit and provide room for interpretation. Both definitions and scopes also vary largely. This is mostly due to the focus of each stakeholder on a specific economic activity or 'cycle'. For instance, the European Compost Network emphasizes recycling processes and biodegradable waste whereas the German chemicals company BASF includes the entire carbon cycle. This is not surprising given the diversity of stakeholders considered in this analysis. It underlines an extremely broad spectrum of perspectives and expectations emerging in response to political circular economy strategies.
At the EU scale, business stakeholders that use the term biobased or bio-economy and refer to the circular economy stretch across biotechnology businesses, manufacturers relying on biomass, and agricultural and forestry operators (Bio-based Industries Consortium, 2015) . Despite the large variety of businesses, we found a relatively small number of associations on the EU level who self-identify as bio-based or bioeconomy and voice an opinion on the circular economy. Based on Table 1 , we identify two main findings. First, the majority of EU stakeholders provide very broad definitions of a circular economy, some of which are similar to the definition by the EU Circular Economy Action Plan (see Table 1 ). Second, stakeholders disagree on the scope of the circular economy. On the one hand, most stakeholders highlight the continued extraction of (in principle) renewable primary raw materials alongside secondary raw materials (e.g., European Bioeconomy Alliance, 2017; Bio-based Industries Consortium, 2015; Bioplastic Feedstock Alliance, 2015) . On the other hand, very different opinions exist on the question of whether organic materials should be circulated within product/material cycles, e.g., through recycling (Bioplastics Feedstocks Alliance, 2015; European Compost Network, 2017), or in the earth's biogeochemical cycles, e.g., through biodegradation (Bio-based Industries Consortium, 2015). The Bioplastics Feedstocks Alliance (2015), for instance, clearly refers to cycles of "products and materials" within the economy (p. 3). In contrast, the Bio-based Industries Consortium (Carrez and Leeuwen, 2016 ) uses a graph that implies the focus is on both biogeochemical AND product cycles. These differences point to diverging viewpoints among bio-based stakeholders regarding the question of whether activities like biodegradation or incineration, which feed materials into the earth's biogeochemical cycles, contribute to a circular (bio)economy. The case of bioplastics illustrates the importance of this question. Bioplastics are derived from sugar or starch and can be produced either to be recyclable or biodegradable. While the Bio-based Industries Consortium (2015) argues that bioplastics are generally beneficial for "achieving a more balanced carbon cycle" (p. 4), the Bioplastics Feedstock Alliance (2015) argues that the expansion of bio-based plastics may pose considerable land-use issues as the production of such plastics would require much more feedstock to be produced. Hence, this development may increase (economic) product/material cycles while at the same time potentially pushing biogeochemical cycles beyond their limits. The countless newspaper articles and company websites that discuss which form of bioplastics is more "circular" give an indication of the high significance of these questions (www. european-bioplastics.org; Vidal, 2008) .
In Germany, the business stakeholders that consider themselves bio-based or a part of the bioeconomy and are vocal in the Focus on renewable raw materials and the utilization of agricultural and forestry residues and food waste, only minor focus on the use of secondary raw materials compared to the use of primary raw materials.
Bio-based industries Consortium "[...] the circular economy is about using the planet's resources efficiently and sustainably to prevent irreversible environmental degradation and resource depletion. The circular economy seeks to break away from the linear economy characterized by "make, use, dispose" in favour of a more circular model based on "reuse, recycle or biodegrade".
"While the circular economy focuses mainly on the efficient use of finite resources and ensures that those are reused or recycled as long as possible, the bioeconomy also integrates the production of renewable resources, in particular renewable carbon."
European Bioplastics "The vision of the 'New Plastics Economy' aligns with the principles of the circular economy and outlines concrete steps on how plastics never become waste but, instead, re-enter the economy as valuable technical or biological nutrients."
"Bio-based and recycled materials are starting to be equally recognised as a viable solution to make packaging more sustainable and reduce our dependency on finite fossil resources", focus on secondary raw materials, specifically organic waste for recycling European Compost Network
No specific definition found "Recycling biodegradable wastes and resource efficiency lie at the heart of the circular economy" and "detailed criteria for end-of-waste status" need to be set to define raw materials in a circular economy. Bioplastic Feedstock Alliance "The circular economy is defined as an economy that is restorative by design e where material flows are captured and re-used, and biological flows are designed to re-enter and replenish nature safely."
"The bioeconomy is an essential component of the circular economy, as it provides the resource base for a vast amount of economic activities. We cannot realize the circular economy without the bioeconomy, because it is not currently possible to sustain an economy without any new resources being added." Business Stakeholders in Germany (translated from German by the authors, longer statements have been shortened) Deutscher Holzwirtschaftsrat (national wood industry association)
The circular economy as a vision is based on natural cycles and oriented towards bio-based raw materials. Cascade use and circular economy are applied with the intention of a resource efficient use of raw materials.
Strong focus on wood as renewable material that can be recycled.
IGBCE (labor union for mining, chemicals and energy industries)
Recycling economy and circular economy (driven by sustainable environmental technology)
Recycling of paper/paperboard as a priority area under a circular bioeconomy.
BASF (chemical company)
The circular economy represents the carbon cycle. The entire carbon cycle is the scope of the circular economy. Agentur für Erneuerbare Energien (agency for renewable energy)
The bioeconomy aims to harmonize climate protection, circular economy and the growth philosophy.
Economic activity is based on natural cycles.
Kooperationsnetzwerk Bioplastik (business network bioplastics)
The circular economy is focused on closing the carbon cycle.
The circular economy is characterized by bio-based materials, renewability, bio-degradability, and compostability. A focus of activities is on biowaste for the production of goods (e.g. plastics).
DECHEMA (chemical company)
Circular economy is the concept under which products are recycled entirely to minimize waste.
The circular economy is based on carbon-based renewable as well as fossil substances (to be recycled), particularly CO 2 and biomass. Kooperationsnetzwerk Waste2Value (business network waste2value)
The use of bio-based resources in packaging is a milestone to connect the bioeconomy and the circular economy.
Bio-based plastics that can be recycled contribute to a decrease of CO 2 emissions, help to reach recycling quotas, and ensure that valuable secondary raw materials and renewable carbon are not lost from the cycle. Deutsche Gesell-schaft für Abfall-wirtschaft (DGAW) (German society for waste manage-ment) & EnergieAgentur.NRW (Energy Agency of North Rhine Westfalia)
A sustainable future in terms of a future circular economy is only possible if a shift in energy use is performed along with a shift in overall resource use. To do so, renewable resources and residue streams need to be converted into raw materials that serve the food, chemicals and energy industry as basic or end products.
A critical aspect [of the shift in resource use] is the profitability and quality of the existing biomass potential in a region. circular economy stretch from paper and paperboard to bioplastics and energy. The most prominent, who consider themselves the leading actors towards a circular economy, are the bioplastics and the paper & paperboard industries (Kooperationsnetzwek Bioplastik, 2015; ProCarton, 2016) . This understanding is mostly based on their large (paper & paperboard) and growing (bioplastics) share of packaging material, which has a comparatively high rate of recycling in Germany (Statista, 2016) . These stakeholders consider the circular economy as a future business opportunity because it highlights the need for recycling (Industriegewerkschaft Bergbau, Chemie, Energie, 2014). Next to packaging recycling, the biotechnology and chemicals industry (DECHEMA, 2016; Kooperationsnetzwerk Waste2Value, 2017) has formed a range of business networks that explore the generation of formerly crude-oil based substances, such as food additives or polymers, from agricultural waste or forest resources (e.g. Kooperationsnetzwerk Waste2Value, 2017). Finally, only a few stakeholders from the forest, energy and waste management sectors self-identify as bio-based or bioeconomy and discuss the circular economy. As shown in Table 1 , their definitions and scope of a circular economy focus more often on the carbon cycle or natural cycles than EU definitions. Hence, German stakeholders seem to have a broader understanding of the circular economy that is less focused on product cycles and more on wider biogeochemical cycles. Nevertheless, the table shows that both German and EU level stakeholders view the circular economy as a concept that holds considerable business potential. In general, most of the definitions found in stakeholder documents provide little clarity about what a circular economy means specifically for business operations. For this reason, we also searched for principles of a circular economy in these documents. These may give a better indication of ideas behind practical applications of circular economy. Table 2 provides a list of the major principles identified in the scientific literature (Geissdoerfer et al., 2017; Stahel, 2016) and lists which stakeholder documents refer to which principles. Because of the lack of consensus on circular economy principles, Table 2 draws upon major principles identified by three ground-braking, highly cited publications. The broader industrial ecology literature might also refer to other well-known principles or strategies such as "industrial symbiosis" or "life extension". These could, however, be embedded in some of the principles presented in Table 2 , e.g., life extension could be translated into reuse.
Of the fifteen stakeholder groups, almost all mention recycling and the use of secondary raw materials. This gives a good indication about the most important principles from a business perspective. The current focus is largely on waste management (Gregson et al. (2015) present a similar argument for the UK), ecological design, recycling or efficiency of production. Although most stakeholder documents particularly highlight systemic thinking and an integrated perspective, Table 2 suggests that several elements of this systemic view have not yet been connected to the business understanding of the circular economy. These include the principles of reduce (mentioned by only one third of stakeholders), reuse, stewardship, sufficiency, substituting manpower for energy or cradle to cradle (all mentioned by less than one fourth). Only the EU Action Plan covers all principles identified by recent scientific literature.
Notably, Table 2 also shows that German stakeholder interpretations of circular economy and its principles are much more diverse than in the EU. For instance, efficiency plays a more significant role than in EU stakeholder documents. At the same time, German stakeholders attribute less importance to secondary raw materials than EU stakeholders. Furthermore, there is less discrepancy between the principles mentioned in the German Bioeconomy Strategy (2014) and German stakeholder documents than between the EU Circular Economy Action Plan (2015) and EUlevel stakeholder documents. the major principles stressed by three ground-braking, highly cited publications that give a broad overview over the circular economy literature and summarize its major principles. Several principles that are stated in the broader industrial ecology literature like, for instance, "life-time extension" or "industrial symbiosis" are not included. They may, however, be seen as broader categories summarizing several of the principles stated in Table 2 .
Relationships between the circular economy and bio-based businesses identified by EU & German stakeholders
The results presented in Section 4.1 show that most EU and German stakeholders link their understanding of the circular economy to bio-based materials, products and processes. Although this is not surprising, it is noteworthy that the relationship established between the circular and the bioeconomy varies more than the definitions of a circular economy. For instance, some representatives portray the bioeconomy as "circular by nature" (Carrez and Leeuwen, 2016) because bio-based businesses operate on the basis of the renewable and circular character of the world's ecosystems (e.g. Bio-based Industries Consortium, 2015; European Bioeconomy Alliance, 2017). At the same time, the same sector representatives use the butterfly graph by the Ellen McArthur Foundation (MacArthur, 2013) , which suggests that the bioeconomy is separated from the "technosphere", i.e., that there are biological and technical cycles involved in the circular economy. To aid the clarification of this complex relationship in business practices and political discussions, Fig. 2 synthesizes a number of relationship archetypes that stakeholders explicitly and implicitly draw upon when describing the circular economy and relating it to bio-based businesses or the bioeconomy. As several stakeholder documents refer to several of these archetypes, we do not assign individual stakeholders to one understanding but give illustrative examples of statements that indicate the different archetypes. The figure shows that we found five different archetypes: the circular economy and the bioeconomy as separate but reinforcing, both concepts as completely integrated, both concepts as partially antagonistic, the bioeconomy as a precondition to a circular economy, or the circular economy as tool to move from a fossil economy to a bioeconomy.
Business models connected to a circular economy by German stakeholders
To answer the question what business models stakeholders relate to a circular economy and to identify innovation potential, the documents and stakeholder conferences were scanned for specific business practices and business models. As many of the EUlevel stakeholder documents do not mention specific practices, this analysis is based on German documents and stakeholder conferences. The results show a significant focus on technical solutions to achieve product circularity (e.g. better waste sorting technologies or increase of recycling facilities). This includes a range of established practices like recycling or waste management, to a lesser extent also remanufacture. Following this emphasis on established solutions, stakeholders often label these already existing systems as circular economy activities. Overall, circular economy is strongly related to (1) expanding already existing business models such as recycling (of paper/paperboard), (2) replacing crude-oil based substances with bio-based substances in large-scale industrial production, and (3) making conventional materials biodegradable (e.g. plastics). What is interesting to note here is that stakeholders automatically connect bio-based products (as substitutes for crudeoil based alternatives) to a circular economy because these can potentially be fed back into the earth's biogeochemical cycles through biodegradation. This perception is consistent with the finding that most German stakeholders include biogeochemical cycles into the circular economy, unlike EU-level stakeholders.
To better contextualize the practices found in Germany and identify hotspots and blind spots of current activities, the described business models were categorized based on business model archetypes for a sustainable economy (Bocken et al., 2014) . Table 3 introduces the archetypes of business models and links them to business models mentioned in German stakeholder documents or conferences promoting circular economy. If identified during the data collection process, specific business examples were listed, which are not meant to be conclusive but to give an overview of the scope of current activities in the business community and identify potential for innovation. Bocken et al. (2014) state that the archetypes are meant to represent broader categories of business models "that generate environmental and/or social benefits in business operations that is, change the value proposition to the environment and society. This may be either through creating new value, or significantly reducing negative impacts on the environment and society." They define the social business model archetype as including a wide range of business models, e.g. ethical/fair trade, pay-per-use, or product-oriented product service systems. The organisational business model archetype similarly includes many different forms of business models, e.g. patient/slow capital collaborations, alternative ownership like cooperative or collective ownership, or social enterprises. Table 3 shows that established business models such as recycling or replacing fossil resources with bio-based resources are overrepresented, while less established business models such as sharing or leasing are missing almost entirely. This suggests a strong emphasis on re-materialization practices (e.g. recycling, remanufacture or cascade use; De Bruyn, 1998). Social or organizational business models and strategies of dematerialization (Rosenberg, 1982) are promoted much less. Also some practices highlighted by stakeholders are not a business model for companies themselves but rather a business model for external certification schemes that provide labels for companies' products or services, e.g. cradle to cradle certification. Notably, this strongly reflects the circular economy principles referred to in the German Bioeconomy Strategy as well as in German stakeholder documents. Hence, the definitions and principles give a clear indication of the practices pursued. Based on these results, social or organizational business models may provide considerable potential for innovation towards a circular economy. This is underlined by the obstacles to a circular economy mentioned in stakeholder documents and conferences. Although German stakeholders mention a number of obstacles, most of them do not relate to social or organizational business models. These include missing supply of secondary raw materials (e.g. because of high rates of recycling in sectors such as paper or packaging), the unsuitability of much of the currently available secondary raw materials (e.g. because of coatings, contaminations, additives), a lack of profitability of new products, and a lack of compliance with new regulations (e.g. the new packaging regulation). The only barriers that may relate to social or organizational business models include conflicting policy incentives regarding resource use (e.g. material vs. energetic use of secondary raw materials) and a lack of cross-business and cross-industry relations. However, this does not mean there are no obstacles for introducing new social or organizational business models for a circular economy in Germany. Rather, it demonstrates there is a vast potential for an expansion of thought towards the full range of circular economy principles outlined in the scientific literature and the EU Circular Economy Action Plan and for an exploration of the whole range of available business models.
Discussion
Contrasting our findings with the expectations raised in scientific and political debates regarding the engagement of businesses in a circular economy, we find a rather reluctant and partial engagement among stakeholders from European and German biobased businesses. We show that the bio-based business community predominantly sticks to established ideas and practices and, so far, does not use the innovation potential of available business models for a circular economy. The findings of this analysis point to four potential reasons:
First, political strategies remain very blurry about definitions or priorities and highlight established technologies (e.g. recycling). Particularly in Germany, a country with a long history of the circular economy as a waste management strategy, stakeholders appear to focus on waste management. Second, many dimensions of the circular economy discussed in the literature and by the EU Circular Economy Action Plan are not addressed in stakeholder discussions (Table 1) . Third, as the scope of the circular economy and its specific relation to the bioeconomy vary significantly among stakeholders, it is difficult to identify potential frictions between the circular economy and the bioeconomy. Nevertheless, stakeholders have begun to bring up these frictions. For instance, it is contested whether biodegradation or incineration belong to the scope of a circular (bio)economy. Fourth, what "new" or "circular" business models look like is often not specified in political strategies and stakeholder documents.
This situation may have different effects. On the one hand, it may open spaces for innovation, particularly as many business model archetypes remain under-explored. On the other hand, a strong reliance on established practices may hamper innovation or lead to the development of technologies that could increase the above-mentioned frictions between political strategies for a circular and a bioeconomy. Both the EU and Germany currently boost research and development activities in the bio-based sector (Biobased Industries Consortium, 2015; Bundesministerium für Bildung und Forschung (BMBF), 2010), making a rapid increase in activities likely. Yet, the directions and effects of these activities remain uncertain. A connection of the debates about the circular economy and the bioeconomy could be very beneficial to discuss possible directions and their effects. As our results show, exploring the relation between the circular economy and the bioeconomy highlights the need to define which cycles contribute most to a future sustainable economy. Existing guidelines and standards developed for businesses (e.g. the BS 8001:2017 standard on circular economy implementation) have been criticized for lacking monitoring indicators that link circular economy and sustainability (Pauliuk, 2018; The British Standards Institution, 2017) . Strengthening the link between circular-and bio-economy debates may provide a crucial step towards defining the sustainability of the circular economy, thereby setting clear priorities for sustainable business practices (e.g. recycling over biodegradation). This, in turn, may provide considerable incentives for businesses to innovate in these specific directions.
Conclusion
Based on these observations, this paper argues that scholarly engagement with stakeholder debates and an integration of the debates on circular economy and on bioeconomy is crucial. It identifies two areas of research that are particularly important to spark stakeholder engagement and policy development:
1 The real-world situation needs to be better understood across different sectors, member states and international supply chains. Our analysis shows, for instance, that German stakeholders identify the unavailability of secondary raw materials as a major obstacle to a circular economy, whereas European stakeholders do not mention this at all. This indicates that policy development for a circular economy will need to differ considerably across EU member states. This issue, however, has been largely ignored in the EU Circular Economy Action Plan (2015). Therefore, potentials and obstacles of new business models in different member states and their environmental and social impacts need to be analyzed. This may support the identification of priorities between different innovations and open pathways to alternative solutions that are currently not being discussed. 2 Scholarly exploration of the relation between the circular economy and the bioeconomy is required for the development of indicators for a sustainable circular economy. Despite the strong roots of the circular economy in industrial ecology, which highlights the crucial role of integrating industrial and biogeochemical cycles for a sustainable economy, our results show that stakeholders predominantly view the circular economy as divided into the biosphere and the technosphere. At the same time, several stakeholders contest the usefulness of this separation in business practice (e.g. incineration and biodegradation as not contributing to a sustainable circular economy). Therefore, exploring the link between a circular economy and a bioeconomy could aid the development of a clearer political scope and priorities for sustainable business practices, which are currently lacking. In this sense, the academic and industrial sectors should be more connected to provide a set of prioritization principles that encourage businesses and industries to engage in circular economy.
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